Abstract This study evaluated contribution of minor compounds naturally present in peppermint (Mentha piperita) to the iron-catalyzed lipid oxidation of oil-inwater emulsion. Emulsions consisted of tocopherol-stripped soybean oil and pH 4.0 citrate buffer (4:6, w/w) with iron. Minor compounds included a-tocopherol, rosmarinic acid, caffeic acid, b-carotene, and chlorophyll b at natural concentration in 400 ppm of the peppermint extract. The emulsions were oxidized in the dark, and headspace oxygen contents, hydroperoxide contents, and p-anisidine values were determined. Addition of phenolic compounds decreased headspace oxygen consumption and hydroperoxide and p-anisidine values of emulsions, however, bcarotene or chlorophyll b tended to increase them. The results suggest that tocopherols at low concentration were the most important to reduce lipid oxidation of emulsions via radical scavenging, followed by high contents of polyphenols via radical scavenging and iron-chelation. Carotenoids and chlorophylls should be precisely controlled even in the dark, possibly due to their oxidation products.
Introduction
Peppermint (Mentha piperita L.) extract was reported to reduce lipid oxidation of oil-in-water emulsions, most of which was explained with polyphenols. Phenolic acid, especially rosmarinic acid ([ 30%) is a main group among polyphenols in the peppermnit extract (Kim and Choe, 2018) . It has been reported that phenolic compounds including polyphenols and tocopherols exhibit antioxidant or prooxidant activity both in foods (Fukumoto and Mazza, 2000) and in vivo and vitro (Banerjee et al., 2008; Lambert and Elias, 2010) . Phenolic compounds act as antioxidants by radical scavenging, metal chelation, and physical restriction of the metal ion for participation in Fenton-type reactions (Cheng et al., 2003) . However, they can be oxidized to produce semiquinone and more reactive superoxide anion radicals (Mochizuki et al., 2002) which increase lipid oxidation. Transition metal ions such as Fe(III) or Cu(II) increase the prooxidative activity of phenolic compounds by producing more prooxidative Fe(II) or Cu(I) by reduction (Simić et al., 2007) .
Peppermint also contains chlorophylls and carotenoids (Song and Choe, 2017) which have radical scavenging activity in the dark. However, carotenoids can accelerate the lipid oxidation depending on their concentration and chlorophylls also show prooxidant activity under light by producing reactive singlet oxygen (Choe and Min, 2006) . Recently tocopherols were detected in the peppermint extract (Song and Choe, 2017) , and they act as both antioxidants and prooxidants depending on the concentration (Choe and Min, 2006) . Because oxidative stability of emulsions is an overall result of anti-or pro-oxidant activities of minor compounds, the antioxidant activity of peppermint extract in the emulsion should be evaluated with consideration of the kinds and natural concentration of minor compounds present in the extract. This study determined the contribution of minor compounds naturally present in the peppermint extract to the lipid oxidation of oil-in-water emulsion in the presence of iron in the dark.
Materials and methods

Materials and reagents
Refined, bleached, and deodorized (RBD) soybean oil was a product of Samyang Corp. (Seoul, Korea), and peppermint (M. piperita) was purchased from the Hwanamnongsan (Greenfarm) (Seoul, Korea) in fresh form which was then freeze-dried for 24 h with a TFD5505 freeze dryer (Ilshinbiobase, Dongducheon, Korea) at -50°C and 5 mtorr. The egg yolk lecithin was a product of Goshen Biotech (Namyangju, Korea), and n-hexane, water, and methanol in HPLC grade were purchased from Samchun Chemical Co. (Seoul, Korea). Acid washed silicic acid (200-400 mesh), aluminum oxide (type WN-3, neutral), Folin-Ciocalteu's phenol reagent, cumene hydroperoxide (CuOOH), p-anisidine, xanthan gum, ammonium thiocyanate, a-, c-, and d-tocopherol, rosmarinic acid, caffeic acid, b-carotene, lutein, and chlorophyll a and b were purchased from the Sigma-Aldrich Co. (Saint Louis, MO, USA). Propan-2-ol and ferrous sulfate were purchased from the Mallinckrodt Baker Co. (Phillipsburg, NJ, USA) and Junsei Co. (Tokyo, Japan), respectively. All other chemicals were of analytical grade.
Preparation of peppermint extract
Freeze-dried peppermint was ground in an Essence HR 2084 blender (Philips, Amsterdam, Netherlands), and then mixed with 75% ethanol (1:10, w/v) at 25°C and 120 rpm for 12 h. The extract was obtained after filtration through a Whatmann #42 paper (GE Healthcare Life Sciences, Little Chalfont, UK) and solvent was removed by evaporation at 65°C using a rotary evaporator (N-N series; Eyela, Tokyo, Japan).
Preparation of emulsions and oxidation
The emulsion consisted mainly of tocopherol-stripped soybean oil and citrate buffer solution at pH 4.0 (4:6, w/w), with xanthan gum (3.5 mg/kg) and egg yolk lecithin (3.5 mg/kg) according to Kim and Choe (2016) . Tocopherol-stripped oil was obtained by passing the RBD soybean oil through a glass column (30 9 2.5 cm) packed with silicic acid, aluminum oxide, and silicic acid (5:35:5, w/w/w) in series (Kim and Choe, 2016) . Soybean oil and egg yolk lecithin were slowly added to the aqueous solution containing FeSO 4 (5 mg/kg), and then a-tocopherol (0.56 mg/kg), rosmarinic acid (68.4 mg/kg), caffeic acid (68.4 mg/kg), b-carotene (0.22 mg/kg), or chlorophyll b (1.78 mg/kg) was selectively added. The solution with all ingredients was then homogenized using an Ultra-Turrax T25 homogenizer (IKA Instruments, Staufen, Germany) at 10,000 rpm for 6 min. The emulsions transferred into 20 mL serum bottles were tightly capped with Tefloncoated septa (Cronus, Glocester, England) and aluminum caps. All samples were oxidized in an LBI-250 incubator (Daihan Labtech Co., Seoul, Korea) at 25°C for 4 days in the dark.
Analysis of lipid oxidation of emulsions
Lipid oxidation of emulsions was evaluated based on the headspace oxygen content by gas chromatography, hydroperoxide values by the ferric thiocyanate method, and p-anisidine values. A YL 6100 gas chromatograph (Younglin Instrument Co., Ltd., Anyang, Korea) was used for oxygen analysis with an autosampler, a thermal conductivity detector, and a stainless steel column packed with 80/100 mesh molecular sieve 13X (1.83 m 9 0.32 cm; Alltech, Deerfield, IL, USA). The flow rate of nitrogen was 20 mL/min. The temperatures of the oven, injector, and detector were 35, 100, and 140°C, respectively. A factor of 9.35 was applied to convert oxygen peak areas in the chromatograms to lmol of oxygen/mL of headspace gas . The hydroperoxide contents of emulsions were determined spectrophotometrically after extracting the organic phase with mixture of 2,2,4-trimethylpentane and propan-2-ol (3:1, v/v), followed by serial addition of methanol and trichloromethane mixture (2:1, v/v), 3.94 M ammonium thiocyanate solution, and a mixture of 0.132 M BaCl 2 and 0.144 M FeSO 4 solution (1:1, v/v) (Kim and Choe, 2016) . The absorbance was read at 510 nm using an HP8453 UV-visible spectrophotometer (UV-2700, Shimadzu Corp., Kyoto, Japan) and the hydroperoxide content was expressed as CuOOH using a calibration curve (r 2 = 0.9996). The p-anisidine value was determined spectrophotometrically (350 nm) using a UVvisible spectrophotometer (UV-2700, Shimadzu Corp.) according to the AOCS method Cd 18-90 (AOCS, 2006).
Phenolic compound and pigment determination of peppermint extract and emulsions
Tocopherol content of the peppermint extract was determined by the HPLC (Song and Choe, 2017) . The extract dissolved in n-hexane was filtered through a hydrophobic polytetrafluoroethylene membrane filter (0.2 lm, Toyo Roshi Kaisha, Ltd., Utsunomiya, Japan) and injected into a YL 9100 HPLC (Younglin Instrument Co., Ltd.) equipped with an autosampler, l-porasil TM column (3.9 mm 9 330 mm, 10 lm size; Waters Co., Milford, USA), and fluorescence detector (excitation 290 nm, emission 330 nm). An eluting solvent was a mixture of propan-2-ol and nhexane (0.2:99.8, v/v) at 2.0 mL/min. Quantification was done with a calibration curve of standard a-, c-, and dtocopherol (r 2 [ 0.998). Total contents of polyphenols of the peppermnint extract were determined spectrophotometrically at 725 nm using a UV-visible spectrophotometer (UV-2700, Shimadzu Corp.) according to the Folin-Ciocalteu method (Kim and Choe, 2016) , and expressed as a caffeic acid or rosmarinic acid equivalent (r 2 [ 0.999). Carotenoids and chlorophylls of the peppermint extract were analyzed using HPLC (Kim and Choe, 2017) . The extract was saponified following the AOAC method 970.64 (AOAC, 2005) only for carotenoid determination. The instrument was a YL 9100 HPLC (Younglin Instrument Co., Ltd.) equipped with a symmetry C18 column (5.0 lm, 4.6 9 300 mm, Waters) and UV-Vis detector (438 nm) or a l-porasil column (300 9 3.9 mm, 10 lm i.d., Waters) and UV-Vis detector (436 nm) for chlorophyll and carotenoid determination, respectively. The mobile phase for chlorophyll and carotenoid determination was ethyl ethanoate:methanol:water (50:37.5:12.5, v/v/v) at 1.5 mL/min and propan-2-ol: n-hexane (3:97, v/v) at 1.0 mL/min, respectively. Carotenoids and chlorophylls were identified by comparing the retention times with standard lutein, b-carotene, and chlorophyll a and b, and quantified using respective calibration curves (r 2 [ 0.998). Polyphenol contents of emulsions were determined by the same method as described above after obtaining aqueous phase by centrifugation (Avanti J; Beckman Co.; 4°C and 11,8729g) for 20 min of the mixture of emulsion dissolved in n-hexane and 60% methanol in water (10:6, v/v). For determination of tocopherol and pigment contents of emulsions, the emulsions were frozen for 48 h and then thawed for 24 h, followed by centrifugation (Avanti. J, Beckman, Fullerton, CA, USA) at 4°C and 12,9359g for 20 min for phase separation (Song and Choe, 2017) . Organic phase was taken and tocopherol, carotenoid, and chlorophyll contents were determined with the same methods described above.
Statistical analysis
All samples were prepared in duplicates, and each sample was measured twice. Data were presented with means and standard deviations and statistically analyzed using SAS/ PC (SAS 9.2, SAS Institute Inc., Cary, NC, USA) including Duncan's multiple range test at a significance level of 5%.
Results and discussion
Phenolic compound and pigment contents of peppermint extract
The peppermint extract contained tocopherols totally at 1323.8 ± 3.38 mg/kg with a-tocopherol (1087.8 ± 4.20 mg/kg) and c-tocopherol (236.0 ± 0.82 mg/kg), and polyphenols totally at 168.98 ± 3.44 g/kg. b-Carotene (509.7 ± 20.37 mg/kg) was major carotenoid in the extract with less amount of lutein (10.2 ± 0.00 mg/kg), and chlorophyll content of the extract was totally 4403.4 ± 6.67 mg/kg with chlorophyll a at 1616.2 ± 0.49 mg/kg and chlorophyll b at 2787.2 ± 7.17 mg/kg. Rosmarinic and caffeic acids were reported as dorminant polyphenol in the peppermint (Guedon and Pasquier, 1994; Hadjmohammadi et al., 2013; Kim and Choe, 2016) . Based on the phenolic compound and pigment concentrations of the peppermint extract determined, addition level of each standard minor compound in 1 kg of emulsions was determined to be 0.56, 68.4, 68.4, 0.22, and 1.78 mg for a-tocopherol, rosmarinic acid, caffeic acid, b-carotene, and chlorophyll b, respectively, assuming 400 mg/kg as an addition level of the peppermint extract to the emulsion. The lipid oxidative stability of soybean oil-in-water emulsion (4:6, w/w) was significantly improved by the addition of peppermint extract at 400 mg/kg in our previous study (Kim and Choe, 2016) .
Lipid oxidation of emulsions
Degree of lipid oxidation at 25°C in the dark for 4 days, based on the headspace oxygen contents, hydroperoxide contents, and p-anisidine values, of the soybean oil-inwater (4:6, w/w) emulsion with added standard phenolic compounds and pigments at natural concentration present in the peppermint extract in the presence of iron (5 mg/kg) is shown in Fig. 1 . The headspace oxygen content of emulsions was 8.82 lmol/mL before oxidation, but significantly (p \ 0.05) decreased with oxidation time due to oxygen consumption for the lipid oxidation. After a 2 day oxidation, headspace oxygen content of the emulsion with added a-tocopherol, rosmarinic acid, caffeic acid, b-carotene, or chlorophyll b was significantly (p \ 0.05) higher (8.51, 8.49, 8.49, 8.53 , and 8.54 lmol/mL, respectively) compared to that of the control emulsion without addition of any minor compounds present in the peppermint extract (8.40 lmol/mL). This indicates that addition of these compounds reduced headspace oxygen consumption of the emulsion. Addition of phenolic compounds reduced headspace oxygen consumption after 4 days, too. The effect to decrease oxygen consumption in the headspace of the emulsion was significantly higher by a-tocopherol than by rosmarinic or caffeic acid (p \ 0.05) although the addition level was opposite. The oxygen content of the emulsion with added b-carotene (7.69 lmol/mL) or chlorophyll b (7.41 lmol/mL) after 4 days, however, was significantly (p \ 0.05) lower than that of the control emulsion (8.28 lmol/mL), which indicates increased oxygen consumption in the headspace by chlorophyll b or b-carotene. The hydroperoxide contents of emulsions were significantly (p \ 0.05) increased during 4 day oxidation due to hydroperoxide production. The emulsion with added a-tocopherol, rosmarinic acid, or caffeic acid showed significantly (p \ 0.05) reduced hydroperoxide contents than the control emulsion, however, addition of b-carotene resulted in significantly (p \ 0.05) higher hydroperoxide production (0.30 and 0.37 mmol/kg after 2 and 4 days, respectively) than the control emulsion (0.26 and 0.33 mmol/kg after 2 and 4 days, respectively). There was no significant effect (p [ 0.05) of chlorophyll b (0.24 and 0.34 mmol/kg after 2 and 4 days, respectively) on the hydroperoxide contents of emulsions during oxidation. The p-anisidine values also increased with oxidation time due to hydroperoxide decomposition into aldehydes. Addition of a-tocopherol (4.00 and 5.25 after 2 and 4 days, respectively) or rosmarinic acid (4.13 and 5.37 after 2 and 4 days, respectively) significantly (p \ 0.05) reduced the p-anisidine values compared to that of the control emulsion (4.66 and 5.57 after 2 and 4 days, respectively). However, the emulsions with added b-carotene (5.73 and 6.97 after 2 and 4 days, respectively) or chlorophyll b (5.29 and 7.27 after 2 and 4 days, respectively) showed significantly (p \ 0.05) higher p-anisidine values than the control emulsion during oxidation. Results on the headspace oxygen contents, hydroperoxide contents, and p-anisidine values indicated that a-tocopherol, rosmarinic acid, and caffeic acid at natural concentration present in the peppermint extract acted as antioxidant in the iron-catalyzed lipid oxidation of the soybean oil-in-water emulsion, but bcarotene and chlorophyll b tended to increase the lipid oxidation in spite of the dark condition. Chlorophylls and b-carotene have been known to decrease the lipid oxidation in the dark via radical scavenging, however, their oxidation products can increase the lipid oxidation (Choe and Min, 2009) . When peroxy radical is added to b-carotene during oxidation, carotene peroxy radicals are produced (Burton and Ingold, 1984) , which in turn reacts with atmospheric oxygen and then with lipid molecules to propagate the chain reaction of lipid oxidation (Iannone et al., 1998) . The oxidation of chlorophylls produces epoxides or diperoxides which can accelerate the lipid oxidation (Hahm, 1988) . The overall results on the lipid oxidation strongly suggest that contribution to the reduced lipid oxidation of soybean oilin-water (4:6, w/w) emulsion was the highest by a-tocopherol despite its very low concentration in the emulsion (0.56 mg/kg), followed by high concentration of rosmarinic and caffeic (68.4 mg/kg) acids among minor compounds naturally present in the peppermint. Chlorophyll b (1.78 mg/kg) and b-carotene (0.22 mg/kg) should be also controlled for oxidation-stable soybean oil emulsions even in the absence of light and low concentrations due to their prooxidant activity.
Minor compound contents of emulsions during oxidation
Contents of phenolic compounds and pigments of soybean oil-in-water (4:6, w/w) emulsions during 4 day oxidation are shown in Table 1 . Tocopherols were not detected in the emulsions throughout 4 day oxidation, possibly due to fast degradation and very low addition level. a-Tocopherol is an excellent antioxidant to scavenge peroxy radicals by rapidly donating phenolic hydrogens (Choe and Min, 2009) , and resulting phenolic radical can react with another peroxy radicals to form phenolic peroxy species adducts that undergo the degradation reactions (Reische et al., 2002) . Although a-tocopherol at 20-60 lg/mL showed 58% inhibition of the Fe 2? -ferrozine complex formation (Gulcin et al., 2003) , its radical scavenging activity is much higher (5 times) than that of iron-chelation (Yüksek et al., 2008) , suggesting its possible fast degradation. a-Tocopherol showed higher radical and hydrogen peroxide scavenging activity than polyphenols derived from methanolic extract of Ichnocarpus frutescens in the lipid oxidation of rat brain homogenate (Kumarappan et al., 2012) . Rosmarinic acid content was significantly (p \ 0.05) decreased to 30.52 and 29.28 mg/kg after 2 and 4 day oxidation of the emulsion, respectively, indicating their degradation. When polyphenols donate phenolic hydrogens to the peroxy radicals, they are degraded to quinones (Choe and Min, 2009) . Caffeic acid was also degraded during the emulsion oxidation, and its degradation was higher (65.8% retention after 4 days) than rosmarinic acid (88.0% retention after 4 days). Degradation of polyphenols was suggested to be related to their role as radical scavengers (Kim and Choe, 2017) , and the result thus suggests higher radical scavenging activity of caffeic acid than that of rosmarinic acid. The ABTS ? radical scavenging activity of caffeic acid was higher than that of rosmarinic acid, but vice versa for superoxide anion radical scavenging (Kovacheva et al., 2006) . Adomako-Bonsu et al. (2017) reported no significant difference (p [ 0.05) in the DPPH radical scavenging activity between these two phenolic acids. Polyphenols in the peppermint extract were suggested to participate less in radical scavenging than in iron chelation in the iron-catalyzed lipid oxidation of oilin-water emulsions (Kim and Choe, 2018) , which supports our result of lower degradation of polyphenols than atocopherol.
There was no significant change (p [ 0.05) in b-carotene content during 4 day oxidation of the soybean oil-inwater (4:6, w/w) emulsions. This might be due to little radical scavenging activity of b-carotene. b-Carotene is less reactive toward peroxy radical than a-tocopherol (Tsuchihashi et al., 1995) , which might have resulted in little degradation of b-carotene. Increased lipid oxidation of the emulsion with added b-carotene in this study thus might be due to its little peroxy radical scavenging. Although a possibility of astaxanthin to form a complex with Cu ?2 was suggested (Hernández-Marin et al., 2012) , iron chelating effect of b-carotene was reported to be very limited (de Arruda and Canniatti-Brazaca, 2011) . Chlorophyll b content of the emulsion was 0.862 mg/kg before oxidation, and significantly (p \ 0.05) decreased to 0.761 and 0.291 mg/kg after 2 and 4 days, respectively, due to its degradation. Chlorophylls act as antioxidant in the dark via scavenging of hydroxy and peroxy radicals and ironchelation (Hsu et al., 2013) . High lipid oxidation after 4 days in the emulsion with added chlorophyll b could be due to rapid degradation of chlorophyll b in the emulsion. Degradation of chlorophyll b in the dark was suggested to be through radical mechanism (Lee et al., 2014) . When the phytyl chain of chlorophylls is autoxidized, peroxy radicals are added to the double bond and resulting tertiary radical can produce epoxides or diperoxides (Rontani and Aubert, 1994; Rontani and Aubert, 2005) which might be prooxidant. Formation of iron-chlorophyll complex is possible, but at less degree than copper-chlorophyll complex (Zvezdanovic and Markovic, 2009 ).
In conclusion, a-tocopherol at very low concentration (\ 1 mg/kg) among minor compounds naturally present in the peppermint extract was the most important to reduce lipid oxidation of the soybean oil-in-water (4:6, w/w) emulsion mostly via radical scavenging. Rosmarinic and caffeic acids also contributed to the decreased lipid oxidation via radical scavenging and iron-chelation mainly due to high concentration. Chlorophyll b and b-carotene tended to increase the lipid oxidation. The results strongly suggest that tocopherols present at very low concentration in the peppermint are the most important antioxidant, and high concentration is the main reason for polyphenols' antioxidant activity. Chlorophylls and carotenoids present in the peppermint should be controlled for oxidationstable oil-in-water emulsion even in the absence of light and at low concentration, possibly due to their oxidation products.
